Objectives: There is a controversy about the impact of economic crisis on suicide rates in Greece. We analysed recent suicide data to identify who has been most affected and the relationships to economic and labour market indicators.
INTRODUCTION
The economic crisis has hit Greece especially hard. As it attempted to refinance its already high debt burden, detailed examination raised questions about its economic data. 1 Concerns that it might have to default on its debt led to a series of bailout packages from the European Commission, European Central Bank and International Monetary Fund (the troika). However, these came at a price as Greece was forced to implement severe austerity starting in 2010.The government was required to cut spending by €28 billion in 2010-2011, with a further €13 billion in 2012-2014. Overall, this was equivalent to almost 32% of Greece's 2012 Gross Domestic Product (GDP). The first three austerity packages, in 2010, included cuts to public sector jobs and salaries and to pensions, increases in indirect taxes and privatisation of state-owned industries. As a result, the Greek economy shrank by almost a quarter between 2008 and 2012 and unemployment nearly doubled, from 12.7% in 2010 to 24.3% in 2012. By February 2012, 20 000 additional Greeks had been rendered homeless and 20% of shops in the historic centre of Athens were empty. 2 It was estimated that almost 1 in 10 of the population of greater Athens was visiting a soup kitchen daily. 3 Research on the health consequences of this crisis has stimulated much controversy. Early research pointing to an increase in suicides 4 and suicide attempts 5 was dismissed by critics who argued that it was premature to reach a conclusion and anyway, given Greece's historically low suicide rate, the numbers were Strengths and limitations of this study ▪ Our study includes the most recent official data, covering the years 2011 and 2012, permitting a preliminary assessment of the effect of radical austerity on suicide rates. ▪ We quantitatively assess the association between changes in unemployment on age-specific and sex-specific suicide rates in Greece. ▪ As individual-level data were unavailable, we used aggregate data with the limitations of all ecological studies.
too low to reach a definitive conclusion. In addition, other studies have reported a range of adverse health consequences associated with austerity in Greece, including major depression, drastic reductions in spending on mental health and shortages of medicines. [6] [7] [8] [9] Research suggesting adverse health consequences from the economic crisis in Greece has been criticised on a variety of grounds. 10 11 One is the problem of attributing the findings definitively to the crisis, although, throughout this time, leading journalists were cataloguing problems being faced by those living in Greece, with accounts that bore out the story being told by the data. 12 13 Another concern relates to the quality of data. However, a detailed examination of the quality of data on suicide assessed data from all 31 European Economic Area countries using the ratio of codes for suicide and undetermined cause (Tenth Revision International Classification of Disease (ICD) codes X60-X84 and Y10-Y34, respectively), concluding that Greece was 1 of only 12 countries to meet the quality benchmark.
14 The process of death registration in Greece is similar to that in other European countries. A certificate of the fact and cause of death must be issued by a doctor. The death must then be registered, using the deceased's identification papers and the medical death certificate, at the local Civil Registration Office (Ληξιαρχείο) within 3 days, when a civil registry death certificate is issued following review by the local Examining Magistrate. Where there are no unusual circumstances, the family is given permission for burial. However, if the Examining Magistrate is not satisfied, an autopsy may be required, along with further investigations and interviews with witnesses.
A recent extensive review of the deteriorating health situation in Greece argued that the dismissal of the available research met the criteria for denialism. 15 The controversy about suicides has arguably been surprising, given the large body of evidence, both from previous economic crises and from other countries during the current crisis, suggesting that an increase would be expected in a country facing problems on the scale of those in Greece. Yet it is possible that Greece is in some way different. Unfortunately, there is a considerable time lag in obtaining mortality data and the most up-to-date published analysis only includes official data for 2010 and unofficial estimates for 2011, 8 although the first austerity package was implemented in the final months of 2010. However, preliminary reports suggest that there has been an increase in absolute numbers of suicides and suicide rates in Greece during the economic crisis. 15 In this study, we analyse more recent data, examining who has been most affected and the association with economic and labour market indicators.
METHODS
We calculated the age-specific suicide rate, defined as suicide or self-inflicted injury or poisoning (ICD-9 E950-958) in Greece for the period 2003-2012 based on data provided by the Hellenic Statistical Authority. Since the first austerity measures were implemented in the final months of 2010, we compared the suicide rates in the preausterity period of 2003-2010 to the rate in 2011-2012.
Statistical analysis
The Mann-Whitney test was used for the comparison of suicide rates. Three age groups were examined, corresponding approximately to participation in the labour force in Greece (0-19; 20-59, ≥60 years). Unemployment and GDP data for the same period were obtained from Organization for Economic Cooperation and Development (OECD) Stat Extracts. The Greek unemployment data are derived from the Quarterly Labour Force Survey which, consistent with practice throughout the OECD, defines unemployment as persons aged 15 to 74 years who (1) were seeking employment either as employees or as selfemployed, during the previous 4 weeks preceding the reference week, (2) were available to start working within the 2 weeks, if work was found, and (3) had taken active steps in a specific recent period to seek employment (ie, applied to employers, asked friends or relatives, or inserted or answered advertisements in newspapers, etc.). Persons not working but who had already found a job, which will start later, that is, within a period of at most 3 months, are considered as unemployed. 16 This analysis focused on men and women of working age (15-64 years). Pearson and Spearman correlation coefficients were used to assess any relationship between suicide rates, unemployment and GDP (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . These statistical analyses were performed with SPSS V.21.0 software. In addition, to quantify the unemploymentsuicide association, we performed pre/postcomparison, adjusting for time trends using regression discontinuity analysis in STATA).
RESULTS

Trends in Greek suicides by period, age and sex
The suicide rate overall rose by 35% between 2010 and 2012, from 3.37 to 4.56/100 000 population (table 1). Figure 1 shows trends by sex and age group. In all age groups, suicides are consistently higher among men than women. There was a clear change in suicide trends after 2010 for both men and women of working age and older women. The situation for older men is less obvious, given the major fluctuations earlier in the decade. By 2012, rates for the two older groups, and for both sexes, were at their highest values for a decade.
We then disaggregated suicide rates into the periods before and during Greece's austerity programme by age and sex. The mean suicide rate in Greece after 2010, when austerity began, was significantly higher than in the period 2003-2010 (4.42 vs 3.35/100 000 population, p<0.01). Rates increased significantly in both sexes. In particular, the suicide mortality rate for men increased from 5.75 ( period 2003-2010) to 7.43/100 000 population ( period 2011-2012; p<0.01). Among women, the suicide rate increased from 1.17 to 1.55, p=0.03.
The most affected age group was working men aged 20-59, in whom the suicide rate increased from 6.58 to 8.81/100 000 population ( p<0.01). Among men aged >60, the suicide mortality rate increased from 8.58 [2011] [2012] . Among women at ages 20-59, we noted a significant increase in suicide mortality rate. In particular, the rate increased from 1.37 (2003-2010) to 1.84 ( p=0.048). The suicide rate among older women (≥60) increased, again not statistically significantly, from 1.46 (2003-2010 ) to 1.83 (2011-2012) . This was also observed for the age group 0-19 years.
Determinants of Greek suicide rates
As shown in figure 2, we observed a significant association of male unemployment rates and suicide mortality among working age men 15-64 years (Pearson correlation coefficient=0.84, p<0.001) but not of female unemployment with suicides among women (Pearson correlation coefficient=0.56; p=0.09). There was no association between suicides in working age men or women and GDP.
To quantify the unemployment-suicide association (table 2), we observed that each 1 percentage point rise of unemployment rates in men aged 20-59 was associated with a 0.19/100 000 population rise in suicides (95% CI 0.11 to 0.26). Inclusion of unemployment as a dummy variable rendered the association with the austerity period insignificant ( p=0.33), consistent with the possibility that unemployment was a significant mediating factor. On the basis of the observed 12 percentage point rise in unemployment during the austerity period, our statistical models estimate a 2.23/100 000 population rise attributable to job loss linked to austerity (95% CI 1.37 to 3.10), which largely accounts for the overall suicide increase in working-age men during this period.
DISCUSSION
The continuing delays in publishing mortality data mean that it will not, in the foreseeable future, be possible to bring the story of the economic crisis and suicide completely up to date, a failing that has important policy implications as it means that the Greek government and its creditors will inevitably prioritise measures to restructure the economy over those that might protect health. 16 The disregard of health consequences of austerity was aided by the controversy over what the early data were saying, with known weaknesses in the data making it easy to dismiss any suggestion of emerging problems. However, with the data now available, it is possible to resolve the earlier controversy. There has been a clear increase in suicides among those of working age and older that coincides with the imposition of austerity, taking rates to levels not seen for a decade.
It is never possible, with an observational study, to establish causality. However, faced with the challenge of establishing the likelihood of a causal link between smoking and lung cancer, Bradford Hill established a set of criteria which, if met, made it more likely that an observed association is causal. 17 Thus, the association is relatively strong, with a 34% increase in suicides among working age men. Our findings are consistent with what has been observed during the current crisis in almost all European countries, many of which actually saw a reversal of a long-term decline in suicides, 18 19 and in the USA where a long-term upward trend accelerated. 20 They are also consistent with research by other groups that has reported increases in suicidal ideation in Greece associated with austerity. 21 22 The relationship is relatively specific, as death rates from many other causes have not increased and the effect is greatest in working age men, who were most affected by unemployment. The criterion of temporality is met, as the changes coincide with austerity, as expected. Given the data used, which precludes assessment of individual exposure to austerity, it is not possible to ascertain the presence of a biological gradient. The association is highly plausible, given the well-established association between economic shocks and suicide seen in many countries, [23] [24] [25] and we examine this in more detail below. In this case, there is no meaningful way to examine coherence of epidemiological and laboratory findings or to undertake experiments. The criterion of analogy is met in that economic shocks have been shown, in the current crisis, to be associated not only with suicides but also a range of psychiatric disorders. 26 Thus, to the extent that Bradford Hill's criteria apply to the observed association, they are consistent with a causal association.
Our analysis provides preliminary evidence that increased suicide mortality in Greece is a health hazard associated with radical austerity, although there are several possible mechanisms by which austerity may act. Thus, further research is needed to disentangle the mechanisms involved. One plausible mechanism is that austerity heightens suicide risks directly, by creating job losses, especially among public sector workers, and by increasing economic insecurity. This rise in what has been described as 'economic suicides' 27 could reflect an acute response of the Greek population to the rapid and dramatic changes of socioeconomic conditions induced by austerity programmes. As noted above, consistent with prior studies, our study found that risks were concentrated in working age men. This finding recalls how a 39% increase was observed between 1989 and 1994 in Russian men during the implementation of the 'shock therapy' programmes, which similarly resulted in considerable increases in unemployment and economic suffering. 28 In addition, recent epidemiological data from another South European country, Spain, described an 8% increase in the suicide rate associated with economic crisis, 29 at a time when unemployment rose from 8% to 24%. Another possible mechanism that may exacerbate the situation is the reduction in the Greek health budget, with cuts to services. 6 Research undertaken before the current crisis showed an association between regional variations in suicide in Greece and provision of mental health services. 30 What are the implications for policy? First, these findings strengthen further the argument for undertaking a comprehensive health impact assessment of the austerity being imposed by the troika, consistent with the obligation under the European Treaties. 31 Second, when faced with an economic crisis, there are choices as to how to respond. In the current crisis, European countries have responded quite differently. 32 However, in some cases, including Greece, it is not the elected government that has decided the response but rather external actors that have imposed it.
Crucially, historical evidence shows that increases in suicides during hard economic times are not inevitable. Some countries have been able to break the link between suicide and job loss by establishing active labour market programmes, whereby those losing jobs are given hope, with opportunities such as retraining exchange of information, and support for those with disabilities. 33 In particular, between 1990 and 1993, Finland experienced a fivefold increase in unemployment, from 3.2% to 16.6%, during which period suicide rates dropped steadily. A similar pattern of decreased suicide mortality has been observed in Sweden during 1991-1992. 33 Both countries implemented active labour market programmes during economic downturns to help newly unemployed persons quickly find jobs. Thus, just as can be seen in the historical responses to other crises, such as famines in Ireland or Bengal, policies adopted by the authorities can mitigate the consequences of the crisis or exacerbate them. 34 Unfortunately, during the present crisis in Europe, the latter seems to have prevailed.
Our study has some inevitable limitations. There is no source of individual level data that would allow us to examine this issue, so we could only use aggregate data. We were unable to examine mediating factors other than job loss, such as homelessness and personal debt, even though we expect, on the basis of data from other countries, that these will have an effect. 25 26 The number of observations is small, which is an inevitable consequence of using annual data to examine an acute event. Finally, although as noted in the introduction that the quality of suicide data from Greece is believed to be better than in many other European countries, we cannot exclude the possibility of changes in recording during this period, such as an increased focus on suicide as a cause of death during a period of austerity. However, this would not apply to other deaths that have increased at the same time, such as infant mortality. 35 Our study does, however, have some advantages. First, it includes official data for the years 2011 and 2012 and permits a preliminary assessment of the effect of radical austerity on suicide rates. Second, we provided a quantitative assessment of the possible impact of unemployment increase on suicide in Greece.
In conclusion, our study revealed increased suicide mortality during the Greek economic crisis, and also that unemployment was significantly correlated with suicide mortality, especially among working age men. Finally, despite the fact that suicide rate is a sensitive indicator of the health impact of economic crisis, other possible health hazards of economic crisis in Greece should be also investigated.
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